Detecting the risk of infection and minimizing parasite exposure represent the first lines of host defence against parasites. Individuals differ in the expression of these behavioural defences, but causes of such variation have received little empirical attention. We therefore experimentally investigated the effects of several individual and environmental factors on the expression level of faecal avoidance in the context of feeding, drinking, sleeping and defecating in a wild primate population. We found a strong sex bias in the expression level of anti-parasite behaviours of grey mouse lemurs (Microcebus murinus), with only females strongly avoiding contaminated food, water and nests, and exhibiting selective defecation. Our results further suggest that individuals adapted their protective behaviours according to variation in intrinsic and ecological factors that may influence the cost-benefit balance of behavioural defences. Overall, individuals exhibited high consistency of investment in protective behaviours across behavioural contexts and time, suggesting that grey mouse lemurs exhibit different hygienic personalities. Finally, the global hygienic score was negatively correlated with faecal-orally transmitted parasite richness, suggesting that variation in behavioural defence has fitness consequences. We suggest that integrating inter-individual variation in behavioural defences in epidemiological studies should improve our ability to model disease spread within populations.
Introduction
In the face of strong pathogen-driven selection pressures, hosts have evolved numerous elaborated defences against parasites, including the well-known physiological immune system. However, a growing body of research has revealed the importance of the 'behavioural immune system' across the animal kingdom [1] [2] [3] . It consists of a suite of mechanisms that detect cues associated with pathogens in the environment, trigger emotional responses and facilitate behavioural avoidance of pathogen infection [4] . For instance, animals may avoid foraging in faecally contaminated areas [5] , select parasite-free habitats [6, 7] or avoid close contact with conspecifics exhibiting signs of infection [8, 9] . While still underappreciated, this behavioural component of the immune system could be as efficient as physiological defences in mitigating disease risk [10, 11] , and probably has a large impact on epidemiology and host demography, as shown by social avoidance of diseased conspecifics, which controlled an epizootic event in wild lobsters (Panulirus argus) [12] . Moreover, pathogen avoidance behaviours could provide an economic option for hosts to counter parasite threat by reducing parasite exposure, thereby probably saving the energetic costs required for mounting a physiological immune response [13] .
Considering the potential costs of parasitism, one might expect hosts to maximize their investment in behavioural defences. Interestingly, however, recent empirical studies revealed that individuals vary in behavioural immune protection. For instance, some house finches seemed better than others at detecting and avoiding proximity with experimentally infected conspecifics [14] , while among a group of Japanese macaques (Macaca fuscata fuscata), decisions to feed on contaminated food items varied greatly among individuals [15] . Moreover, more cautious macaques also performed more cleaning-like manipulations of food items, suggesting that animals may exhibit different 'hygienic' tendencies [15] . While still scarce, there is some evidence to suggest that such behavioural variation might partly explain heterogeneity in host parasitism. Specifically, Japanese macaques exhibiting the highest hygienic tendencies had the lowest intestinal parasite counts, establishing a promising interface between behavioural ecology and ecological immunology [15] . Integrating and understanding the underlying causes of all aspects of variation in immune protection is therefore important for modelling the dynamics of disease spread within populations.
Despite its importance, little empirical work has been aimed at measuring individual investment in behavioural immunity, and the determinants affecting individual variation remain poorly explored. The existence of different 'hygienic types' suggests that behavioural immunity also comes at a cost. Avoidance behaviours might indeed reduce foraging intake, sheltering opportunities or mate availability. Heterogeneity in defence mechanisms among hosts could therefore be rooted in the cost-benefit trade-offs associated with each avoidance behaviour, shaped by individual traits and ecological characteristics.
First, there is evidence suggesting the existence of a sex difference in hygienic behaviour. In several primate species (olive baboons, Papio anubis [16] ; Japanese macaques [15] ; mandrills, Mandrillus sphinx [17] ; humans [18, 19] ), the behavioural immune system seems more developed in females than in males. Second, studies on foraging decisions in contaminated areas further suggested that plasticity in avoidance behaviours also occurs among individuals, varying with internal or external conditions, such as hosts' reproductive state or season [20] . In particular, food availability and current or past nutritional stress [21, 22] can influence the tendency to avoid contaminated food items. However, we are still far from a complete picture of the underlying causes of behavioural immune variation, and the effect of many factors remains unexplored.
In this study, we investigated some environmental and individual factors that may explain individual variation in behavioural immunity in a wild population of grey mouse lemurs (Microcebus murinus) inhabiting the dry deciduous forest at Kirindy, Madagascar. These solitary nocturnal primates harbour a high diversity of gastrointestinal parasites: 11 different morphotypes have been described, seven of them with a direct life cycle, transmitted through the faecal-oral route, and four of them with a complex life cycle, transmitted through ingestion of parasitized intermediary insect hosts [23] .
We focused on faecal avoidance, which is likely to represent the first line of defence against faecal-orally transmitted pathogens, in different functional behavioural contexts: foraging, including feeding and drinking, sleeping, and defecating. In particular, using repeated behavioural choice tests in controlled conditions in two different seasons corresponding to different food availability, we studied whether individuals avoided contaminated food, water and sleeping boxes. We further studied whether individuals avoided defecating in their sleeping boxes. Our goals were (i) to investigate the causes driving individual variation in faecal avoidance in each behavioural context, (ii) to establish whether individuals exhibit different hygienic personalities by testing if their level of avoidance were consistent across behavioural contexts and through time, and (iii) to test whether the individual level of avoidance was predictive of host gastrointestinal parasite infection status.
Material and methods (a) Study population
We studied grey mouse lemurs in Kirindy Forest/CNFEREF, a dry deciduous forest in western Madagascar where the German Primate Centre has operated a field station since 1993 [24] . The area experiences a hot rainy season from November to April, characterized by high food abundance, followed by a cool dry season from May to October. Food availability decreases during the dry season until a critical low level in September and October [25] . Grey mouse lemurs are omnivorous and drink mainly from condensed humidity or small puddles of rainfall (C.P. 2018, personal observation). They sleep in tree holes, alternating regularly between several sleeping sites [26] . Grey mouse lemurs exhibit a particular social system: while most females form stable sleeping associations with one to three other related females, males remain solitary [26, 27] . During the cool dry season, females enter hibernation, while males stay active throughout the year, only entering short periods of daily torpor during the dry season [28] .
Our study population of grey mouse lemurs has been monitored since 2015 by monthly live captures. Captures follow an established protocol [29] . Briefly, individuals are captured at night using Sherman live traps baited with small pieces of bananas. At the research station, they are individually sexed and marked at first capture with subdermal transponders (Trovan EURO ID, Germany), and measured and weighed at each subsequent capture. Because sexual maturity is reached at about 10 months of age, individuals in their first year are classified as juveniles. Captured individuals were released at the site of capture on the following evening, unless they were used in behavioural tests.
(b) Behavioural tests
For this study, we used animals captured during the early (MayJune 2017) and late (September-October 2017) dry season. Each tested subject was kept at the research station for three days and three nights in a 1 m 3 cage before being released at the site of capture. While such a non-natural environment might affect subjects' responses during the experiments, it is important to note that grey mouse lemurs are known for their 'trap-happiness' and no changes in glucocorticoid concentrations as a result of trapping and handling [30] . Accordingly, subjects were not prostrated during the 3-day period, and the participation level during the tests was high (see below). In total, we performed 55 such 3-day test sessions across both seasons, using 43 subjects (early dry season: 10 females, comprising 4 adults and 6 juveniles, and 18 males, comprising 7 adults and 11 juveniles; late dry season: 11 females, comprising 4 adults and 7 juveniles, and 16 males, comprising 10 adults and 6 juveniles; 12 subjects were tested in both seasons, comprising 1 adult female, 3 juvenile females, 4 adult males and 4 juvenile males).
Prior to the tests, we mixed faecal samples retrieved from Sherman traps from 8 to 10 individuals. Among the seven parasite taxa with a faecal-oral transmission route described in grey mouse lemurs, five of them are transmitted through ingestion of infective parasite stages emitted in faeces [23] . The two other taxa have a long life cycle: the eggs emitted in fresh faeces are not mature and need to develop in the environment for a few days to two weeks to reach the infective larvae stage [23] . Old faeces might therefore represent a higher risk of contamination than fresh faecal samples, and faecal age could consequently influence the level of faecal avoidance [17] . We therefore mixed fresh and old faecal samples (emitted one to two weeks before the experiment) to avoid any potential confounding effect of faecal age. This faecal mixture was used to contaminate sleeping boxes, water and food items used in the sleeping, drinking and feeding tests (see below). We never presented to a subject a faecal mixture containing its own faeces. We chose to mix royalsocietypublishing.org/journal/rspb Proc. R. Soc. B 286: 20190863 faecal samples from a large number of individuals to obtain enough faecal material and to avoid familiarity effects. When a faecal mixture was used up, other faecal samples were mixed to obtain a new faecal mixture.
Drinking and feeding behavioural tests were conducted between 18.00 and 23.00, and video-recorded under dim red light. After the drinking and feeding tests, subjects received 3 cm of banana (minus the amount eaten during the feeding tests) per night, and water was provided ad libitum. Every morning, while the subjects were asleep, we removed any remaining pieces of food and water.
(i) Drinking behaviour
We performed the drinking test every evening at the onset of the subjects' daily activity (three drinking tests per subject per 3-day session, resulting in a total of 165 drinking tests). We simultaneously offered two bowls containing 5 ml of water each, 10 cm apart from each other on a testing platform. Water in one bowl was faecally contaminated (C water) with 1 g of faecal mixture, while the other water supply was left noncontaminated (NC water). After 1 h, we removed both bowls and measured the amount of water drunk from each water supply. As the amount of water drunk varied among subjects, we only recorded whether the subject drank more NC than C water or not. We included only sessions during which subjects drank at least from one water supply (106 out of 165 tests).
(ii) Feeding behaviour
We performed three feeding tests every evening for 3 days after the drinking test (nine feeding tests per subject per 3-day session, resulting in a total of 495 feeding tests). We offered two identical food items (0.5 cm slice of banana), presented 10 cm apart from each other. One piece was faecally contaminated (C food) with 1 g of faecal mixture, while the other food item was left noncontaminated (NC food). Note that faecal material on C food was visible. After 30 min, we removed any remaining food items and offered a new pair of C and NC food items for another feeding test. Between each test, we alternated the positions of C and NC food.
We recorded two feeding responses: whether each food item was eaten (yes/no: 1/0), and when both food items were eaten, which one was eaten first. We further calculated a selective feeding score to capture in one variable the different level of avoidance: for each test, subjects received the highest score of '3' if they ate only NC food; '2' if they ate C food after NC food; and '1' if they ate only C food or ate C food before NC food. We included in our dataset all tests during which at least one food item was eaten (476 on 495 tests).
(iii) Sleeping behaviour
We performed the sleeping test every day for 3 days (three sleeping tests per subject per 3-day session, resulting in a total of 165 sleeping tests). The first evening, we positioned in each cage two identical wooden sleeping boxes (approx. 10 × 10 × 10 cm) on the testing platform: one was faecally contaminated (C box) with 1 g of faecal mixture, while the other one was left non-contaminated (NC box). Both boxes were previously used by other individuals, so both boxes also contained olfactory cues from conspecifics. The next day, we recorded in which box subjects were sleeping. Note that we recorded their location approximately four times per day and never observed a subject changing from one box to another one during the day. Moreover, preliminary tests with a continuous video-monitoring of location of 15 subjects revealed that grey mouse lemurs stayed in the same sleeping box during the entire day in 95% of the cases. Every evening, when the subjects were awake and outside the sleeping boxes, we replaced both boxes by two other NC and C boxes. The NC box was cleaned using a brush and water to remove any soiling without introducing chemical odorants. We included in our dataset all tests during which subjects used one of the two boxes (163 on 165 tests).
(iv) Defecating behaviour
After each 3-day session, we recorded whether a subject exhibited selective defecation or not (yes/no: 1/0). To this end, we recorded whether the subject defecated in the sleeping box used during the day. When the subject slept in the NC box, we could easily assess the presence of new faecal material. When the subject slept in the C box, assessing the presence of new faecal material was more difficult as faeces emitted by the subject could already have dried and be confounded with faecal mixture used to contaminate the nest. Moreover, some subjects might have not defecated in the nests on a particular day because they did not defecate at all or defecated only once and by chance outside the nest. We therefore considered that a subject exhibited selective defecation during a 3-day session only if we never observed the presence of fresh faeces in the sleeping box during the session. By contrast, we considered that a subject did not exhibit any selective defecation during a 3-day session if we recorded the presence of fresh faeces in the sleeping box even at least once during the session.
(c) Faecal sample collection and analyses
Over the 3-day sessions, we collected all faecal samples from subjects retrieved from Sherman traps or cages. All samples collected per subject after a 3-day session were mixed (mean mixture weight ± s.e.m. = 0.92 ± 0.32 g) and analysed at the end of the tests. We performed faecal flotation using a saturated sugar solution. For each subject after a 3-day session, we measured its parasite richness (i.e. number of different parasite taxa), considering separately faecal-orally transmitted parasites and complex life cycle parasites. We therefore obtained two different measures of parasite richness per subject per 3-day session.
(d) Statistical analyses
Using generalized linear mixed model (GLMM) with a binomial distribution and a logit link function, we investigated the effect of host and environmental factors on the level of avoidance in each behavioural context (i.e. feeding, drinking, sleeping, defecating). For feeding behaviour, we first investigated whether the probability of avoiding (i.e. refuse eating) C food (yes/no: 1/0; model 1; n = 476), and second whether the probability of eating NC food item first (yes/no: 1/0; model 2; n = 292, corresponding to the number of tests during which both items were eaten), depended on season ('early dry season': May-June versus 'late dry season': September-October), subjects' sex, age class ( juvenile versus adult) and body index (obtained by dividing body mass by head width). We further included an interaction between season and subject's sex, as females and males exhibit very different physiological states at this time of the year. Similarly, for drinking, sleeping and defecating behaviour, we investigated whether the same explanatory variables influenced the probability of drinking more NC than C water (yes/no: 1/0; model 3; n = 106), the probability of sleeping in NC box (yes/no: 1/0; model 4; n = 163), and the probability of exhibiting selective defecation (yes/no: 1/0; model 5; n = 55). In all models, we considered individual identity as a random effect. In models 1-4, we further included test number (1-9 for models 1 and 2, 1-3 for models 3 and 4) as random effects. For all models, we compared the relative fits of the models with and without the interaction between season and subject's sex, using likelihoodratio tests (LRT), and kept the interaction in the final model only when outperforming the model without this interaction.
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In a second part, we investigated whether subjects exhibited different hygienic personalities by testing whether the individual level of avoidance was consistent across behavioural contexts and across time. To assess consistency across contexts, we performed a factorial analysis of mixed data (FAMD) on the individual level of avoidance for each behaviour after the 3-day session expressed as (i) the average selective feeding score, (ii) the probability of drinking more NC than C water, (iii) the probability of sleeping in NC box, and (iv) the probability of exhibiting selective defecation. This FAMD procedure allowed us to capture individual variation in anti-parasite behaviour in one variable, by identifying the two main dimensions representing most variation in the data. We derived individual hygienic scores from the first axis (representing the first dimension) of the FAMD. To assess consistency across time, we investigated the repeatability of hygienic scores across seasons, using three types of repeatability estimates [31] : (i) Spearman's correlation, to test whether individual differences were maintained (n = 12, corresponding to the number of subjects tested in both seasons), (ii) absolute agreement repeatability, using a linear mixed model (LMM)-based approach with individual identity set as a random factor and no covariate (n = 55, corresponding to the number of 3-day sessions performed), and (iii) adjusted repeatability, using a similar LMM-based approach but controlling for potential effects influencing hygienic scores. We therefore built a model (LMM; model 6; n = 55) to investigate whether hygienic scores were influenced by season, subjects' sex, age class and body index, including an interaction between season and subjects' sex.
In a last part, we built generalized LMMs with a Poisson distribution, to investigate whether hygienic scores explained individual variation in richness of faecal-orally transmitted gastrointestinal parasites (model 7; n = 55) and in richness of complex life cycle gastrointestinal parasites (model 8; n = 55). As above, individual identity was included as a random factor. We included in both models season, subjects' sex, age class and body index, and an interaction between season and subjects' sex.
All data were analysed using R v. 3.3.3 (R Core Team, 2016). Generalized LMMs were fit using the package 'lme4' [32] , using maximum-likelihood estimations. We used the package 'lmtest' [32] to conduct all LRT. To assess agreement and adjusted repeatability of hygienic scores, we used the package 'rptR' to estimate 95% confidence intervals (CIs) based on parametric bootstrapping [31] figure 1a) . On the contrary, males avoided more C food in the early than the late dry season (respectively, 34.8% versus 8.0% of C food avoided, p = 0.003; table 1, model 1; figure 1a) . Thus, in the early dry season, the probability of avoiding C food was similar between the sexes ( p > 0.10; table 1, model 1; figure 1a) , while in the late dry season, females avoided C food much more than figure 1b) . Neither season nor body index influenced the probability of eating NC food first (both p > 0.10; model 2). Finally, subjects' age class never influenced the probability of avoiding C food or eating first NC food (both p > 0.10; table 1, models 1 and 2).
(ii) Drinking behaviour 
(iv) Defecating behaviour
The model including the interaction between season and subject's sex did not outperform the model without it to explain variation in sleeping preference (LRT; ΔLogLik = 0.002, p > 0.10; electronic supplementary material, table S2, model 5). Among the 12 subjects tested in both seasons, only one male exhibited selective defecation in the late dry season but not in the early dry season, while the other subjects exhibited selective defecation either in both seasons or not at all. Again, females exhibited selective defecation more than males (respectively, 85.7% versus 17.6% of the cases, p = 0.002; table 1, model 5; figure 1e ). Season, subjects' age class and body index did not influence the probability of exhibiting selective defecation (all p > 0.10; table 1, model 5).
(b) Do mouse lemurs exhibit different hygienic personalities?
Individual levels of faecal avoidance in all behavioural contexts correlated positively with the first axis of FAMD (feeding: 0.64; drinking: 0.48; sleeping: 0.71; defecating: 0.58), which explained 60.5% of the total variance (figure 2a). Given this pattern, we interpreted the first axis as a hygiene axis, with subjects scoring high exhibiting higher sensitivity and avoidance of faecal contamination than subjects scoring low. We further found that hygienic scores were highly consistent for the figure 2b ), and that subjects with relatively high body condition index exhibited higher hygienic scores compared to Table 1 . Summary of the models investigating influence of various predictors on the tendency to exhibit different anti-parasite behaviours (models 1-5), on the global hygienic score (model 6) and on hosts' parasite richness (models [7] [8] (c) Are hygienic scores predictive of host gastrointestinal parasite infection status?
Coproscopic analyses revealed that 56.4% of subjects harboured at least one taxa of faecal-orally transmitted parasite, 63.6% of them harboured at least one taxa of complex life cycle parasite and 16.4% did not harbour any parasite. We retrieved from faecal samples five different taxa of faecalorally transmitted parasites (Trichuris sp., Strongyloides sp., Oxyuridae sp., Lemuricola and Ascaris sp., with, respectively, 27.3%, 16.4%, 14.5%, 7.3% and 3.6% of subjects parasitized at the time of the study; parasite richness, mean ± s.e.m. = 0.69 ± 0.10 taxa per subject) and two different complex life cycle parasites (Subulura sp. and Hymenolepis sp., with, respectively, 45.5% and 34.5% of subjects parasitized at the time of the study; parasite richness, mean ± s.e.m. = 0.80 ± 0.09 taxa per subject). The models including the interaction between season and subject's sex did not outperform the models without it to explain variation in richness of faecal-orally transmitted parasites (LRT; ΔLogLik = 0.05, p > 0.10; electronic supplementary material, table S2, model 7) and complex life cycle parasites (LRT; ΔLogLik = 0.01, p > 0.10; electronic supplementary material, table S2, model 8). We found that hygienic scores were correlated with richness of faecal-orally transmitted parasites: subjects exhibiting high hygienic scores harboured fewer taxa than subjects showing low hygienic scores ( p = 0.02; table 1, model 7; figure 3 ). On the contrary, hygienic scores were not correlated with richness of complex life cycle parasites ( p > 0.10; table 1, model 8). We verified that there was no collinearity issue between variables in both models (all VIF < 2).
Discussion
This is the first study to investigate determinants of individual investment in several components of the behavioural immune system, using an experimental design to measure avoidance of faecal contamination in four behavioural contexts-feeding, drinking, sleeping and defecating-with repeated tests per individuals across two seasons. We found a combination of effects on the expression level of faecal avoidance in each context, suggesting that behavioural defences are shaped by individual traits, most notably sex, in a context-dependent early-dry late-dry female male female male female male female male sex probability to exhibit selective defecation selective defecation Figure 1 . Effect of sex on (a) probability of avoiding contaminated food during feeding choice tests according to the season (n tests = 476), (b) probability of eating first non-contaminated food (when both food items where eaten) during feeding choice tests (n = 292), (c) probability of drinking more non-contaminated than contaminated water during drinking choice tests (n = 106), (d ) probability of sleeping in non-contaminated box during sleeping choice tests (n = 163) and (e) probability of exhibiting selective defecation (n = 55). In total, 28 subjects (10 females, 18 males) and 27 subjects (11 females, 16 males) performed the tests in the early and the late dry season, respectively. The raw data are shown and error bars depict the standard error of the mean.
manner. Moreover, we demonstrated that individual variation in hygienic personality has measurable consequences for parasitism. Below we discuss the costs and benefits of anti-parasite behaviour in relation to other hypotheses on variation in physiological immune investment and in the light of the species' ecology.
Feeding is arguably a major transmission pathway for various faecal-orally transmitted gastrointestinal pathogens. Accordingly, selective foraging seems widespread in the animal kingdom. For instance, many ungulates species avoid grazing in faecally contaminated areas [5, [33] [34] [35] , and recent experimental studies using feeding choice tests showed that Japanese macaques [15] , mandrills [17] , chimpanzees (Pan troglodytes troglodytes) [36] and bonobos (Pan paniscus) [37] also avoid faecally contaminated food. Transmission of a wide range of pathogens might also occur through drinking contaminated water. While scarce, there is some evidence that animals might exhibit selective drinking. For instance, captive lemurs from five different species exhibited avoidance of faecally contaminated water even at low contamination levels [38] . Finally, sleeping in a contaminated nest should represent another significant infection risk by faecal-orally transmitted parasites, especially for grey mouse lemurs owing to their solitary mode of foraging. However, despite the predicted benefits of these antiparasite behaviours, we found that only female grey mouse lemurs exhibited avoidance of faecal contamination in all contexts, while males in general showed little or no avoidance of contaminated items and did not exhibit selective defecation.
Some costs associated with these protective behaviours may decrease the strength of selection acting on the behavioural immune system and contribute to the heterogeneity observed in individual investment in behavioural defences. First, avoiding contaminated food might deprive individuals from a valuable source of energy. Second, being overly cautious regarding contaminated water might represent a risk of dehydration, especially in arid environments. Third, the presence of faeces in contaminated nests could have been perceived as a positive cue by tested individuals, attracting rather than repelling some of them. Suitable sleeping sites may be indeed a limited resource, and the presence of olfactory cues from conspecifics might be used to assess the suitability of potential sleeping sites. This attraction to conspecifics' odour could be further enhanced in our experiments because subjects were temporarily kept in a non-natural environment. However, while these costs might constrain the expression of avoidance behaviours, it does not explain the observed strong sex bias.
Why do only females consistently exhibit anti-parasite behaviours? First, males and females experience different life-history strategies and may be subjected to divergent corresponding selection pressures. Indeed, according to Bateman's principle, males maximize fitness by increasing mating success, whereas females benefit more from investment in physiological immunity to increase longevity [39] . In the same vein, females might invest more in behavioural defences than males, explaining our results in grey mouse lemurs and similar observations in other species [15] [16] [17] [18] [19] . Second, the social system of mouse lemurs could also contribute to the observed sex bias. Indeed, most females form stable day-time sleeping associations with one to three other related females, and usually sleep several consecutive days in the same tree hole, whereas most males remain solitary and change nest frequently [26, 27] . According to the density-dependent prophylaxis hypothesis, the parasite cost inherent to the females' sleeping habits may generate selective pressure that select for increased behavioural immunity in group living females [40] . This hypothesis may explain why only females exhibited selective defecation; namely to avoid accumulation of gastrointestinal parasites within the nests, which in turn would allow long occupation bouts of the same nest by several individuals. Including hosts' sleeping behaviour (group sleeping versus solitary sleeping individuals or sleeping group size) in models investigating determinants of the expression of defence behaviours is now indicated to test this hypothesis.
Individuals further adjusted their feeding behaviour according to current internal and environmental conditions. First, individuals with a relatively high body condition index avoided more contaminated food than individuals with a lower index. This difference may be adaptive as feeding may outweigh any cost of parasite transmission for individuals in poor condition. Second, females avoided more contaminated food in the late than the early dry season, while males exhibited the opposite pattern. Males and females engage in different activities throughout the year and therefore face periods of high nutritional demand at different times, possibly explaining this opposite seasonal shift observed between sexes. Females enter hibernation during the cool dry season, but they need to store enough energy before initiating this physiological state [28] . Their feeding motivation is therefore expected to be high early in the dry season, probably explaining their reduced incentive to avoid contaminated food. However, females almost always ate the clean food first, demonstrating that they are still sensitive to the parasite risk. They clearly face a trade-off between the costs of exposing themselves to parasites and the benefits of a good body condition, favouring feeding over parasite avoidance in this period of high energy demands.
Moreover, females might be immuno-compromised when they return to a normal metabolic state after hibernation, as lowered body temperatures may alter the production of immune cells [41] . According to the compensatory prophylaxis hypothesis [42] , this temporary vulnerability to parasite infestation may reinforce their caution regarding contaminated food in the late dry season, as a counterbalancing mechanism. On the contrary, most of the males stay active throughout the dry season [43] . Moreover, during the subsequent short mating season, they engage in risky behaviours to increase mating opportunities, their weight decreases substantially and they suffer from increased mortality [44] . Male mating success is therefore suspected to be higher for individuals with an initially good body condition [43, 44] , possibly explaining their higher feeding motivation and consumption of contaminated food in the late dry season.
Despite individual flexibility in anti-parasite behaviour, our results met the two assumptions of a personality trait: crosssituational and temporal behavioural consistency [45] . Indeed, we found that the individual level of anti-parasite behaviour was positively correlated across the different contextsfeeding, drinking, sleeping and defecating. Second, individual differences in hygienic scores were maintained over time, suggesting the existence of different 'hygienic types', with some individuals being consistently more hygienic than others.
Finally, these personality differences were strongly negatively correlated with richness of faecal-orally transmitted parasites only. While we cannot rule out the possibility that a low parasitism is a cause rather than a consequence of little defensive behaviour, this result indicates that host behavioural defences efficiently mitigate parasite exposure and infection risk with faecal-orally transmitted parasites. Some personality traits, unrelated to behavioural immunity, are actually associated with differences in the likelihood of encountering parasites. For instance, more active and bold individuals usually host a greater diversity or intensity of parasites than less active and shy individuals [46] . Future studies should now examine how these personality traits relate to hygienic level, to investigate if investment in behavioural immunity might act as a compensatory mechanism for those risk-prone personalities.
This study revealed that several factors influence behavioural immune investment and that, despite stable inter-individual differences, this investment can be flexibly adjusted to meet particular environmental challenges. Integrating behavioural immunocompetence into epidemiological studies therefore represents an important scientific challenge for understanding heterogeneity in parasite load among hosts. For instance, a better knowledge of sex difference in behavioural immunity should enhance our understanding of the widespread male-biased parasitism in vertebrates [47] . Insight from such studies could help identify the most susceptible royalsocietypublishing.org/journal/rspb Proc. R. Soc. B 286: 20190863 individuals and improve our ability to predict the outcomes of disease spread. Ultimately, owing to the arguable fitness consequences of fending off pathogens, we suggest that a better knowledge of the behavioural immune system will provide researchers with a new context to study population dynamics and host-pathogen interaction.
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